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We, SOCIETB D'ELECTROISnOTE. 

cxiiilrbevoie. Seine, France, a Body Corpor- 
ate, organised according to the laws of 
France, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement: — 

The present invention relates to improve- 
ments in d>iiamo electric machines of the 
flat annular air-gap type having discoidal 
rotor and stator members at least one of 
>which is provided with windings formed of 
flat conductors applied thereto by a printed 
circuit technique. 

Machines of the above type have been 
disclosed in the Specification of our Patent 
No. 874,394. One such machine is of the 
multipolar type, of which the rotor member 
carries a plurality of conductors constituting 
the Winding, the winding being formed on 
a disc by a printed circuit technique its con- 
ductors being distributed on both faces of 
the disc in respective groups and intercon- 
nected by interface connections to complete 
the winding pattern. 

A further development of this type of 
machine as shown in the Specification of our 
Patent No. 902,295. Whereas in the machine 
disclosed in Patent No. 874,394, large insu- 
lated gaps were left between the printed 
conductors, the conductors shown in Figure 
1 of Patent No. 902,295 are so shaped that 
only narrow gaps of uniform width less 
than the conductor widths are left between 
adjacent conductors. Both the above two 
types of machines are D.C. madiines, 
brushes being provided to bear against the 
exposed surfaces of the printed conductors 
to enable current to be supplied to the rotor 

[Price 45. 6rf.] 



when the machine operates as a motor, and 
to enable current to be collected from the 
rotor when Ihe machine is driven as a 
generator. 45 

The application of this type of rotor wind- 
ing to A.C. dynamo electric machines of the 
flat annular air-gap type is disclosed in the 
Specification of our oo-pendiug Application 
No. 15,583/60 (Serial No. 947,769). A pair 50 
of collector rings is provided at the outer 
periphery, of the winding carrier sheet, con- 
nections being made between these collector 
rings and the conductors in the winding for 
the supply or delivery of current according 55 
to whether the machine is to operate as a 
motor or generator. 

According to the present invention there 
is provided a dynamo electric machine of 
the flat annular air-gap type having at least 60 
one <Hscoidal stator member and a discoidal 
rotor member, one of which includes a multi- 
polar field magnet structure and the other 
of which includes at least two separate flat 
conductor windings formed by a printed cir- 65 
cuit technique, the two windings being 
arranged in co-axial relation with one an- 
other, each winding receiving or supplying 
current through separate sets of brushes. 

The present invention will now be des- 70 
cribed in greater detail by way of example 
with reference to the accompanying draw- 
ings, wherein: — 

Figures 1 and 2 show two embodiments 
of machines having a two-winding rotor 75 
member, the windings being stacked or 
aligned in the axial direction of the machine; 

Figures 3, 4 and 5 show examples of elec- 
trical circuit connections for the two wind- 
ings forming part of the rotor member of 80 
Figure 1; 

Figures 6 and 7 show respective half 
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cross-sections of further embodiments of 
machines wherein the two windings are 
arranged concentrically; the former showing 
a single field magnet structure for both wind- 
ihgs, and the latter showing respective field 
* Magnet structures for the two windings; 

Figure 8 is a face view of part of the field 
structure for the machine shown in Figure 7; 
Figures 9 to 13 iaclusive, show various 

10 examples of twin-winding members for the 
machines of Figures 6 and 7; these patterns 
differing from one another in the number of 
conductors, poles, and kind of electrical 
current (D.C. or A.C.); 

15 Figures 14 and 15 show two embodi- 
ments of windings for use with generators of 
a Jiigh frequency electrical current, these 
Figures showing half-views of the wind- 
ings; and 

20 Figure 16 shows a generator in which the 
high frequency windings of either one of 

/deferring first to FiguierX^aiid''"2rtEe~^ 
machine illustrated includes aj^QtacJiamg 
^ two windings 22 and 23 as sgmbled so that 
they ar6 Statiked ol* alignedlnthe axial direc- 
tion. These two windings are mounted on 
a hub 12 which in turn is secured to a shaft 
13 mounted between bearings 1. The ma- 
diine also in^dfs two, statnrs whjf^ 

: positioned -oa--eitfaersTd e of the rotor. >^ 

TIdds a number ot pairs of mag^x 
tiietic poles 8, provided with pole shoes 7 > 
and mounted on an annular ring 6 made of 
magnetic material. The annular ring 6 is 
itself secured to a mounting plate 4. The 
second stator comprises solely of magi 

:e 3 secured to a m ounting pla t 
^DT^iudliigs 22 anU"^3"are elfficFsecured 
40 to each side of an insulating ring 24, (Figure 
1) or are secured on each side of a mag- 
netic supporting ring 25 (Figure 2). 

Referring to Figure 3. these windings are 
separately energizable by separate pairs of 
45 brushes 26, 27 for the winding 22 and 28, 
29 for the winding 23. When the winding 
22 is supplied with current there is pro- 
duced across the brushes of the winding 23 
an induced voltage which may be used either 
50 as a tachometric signal for measuring the 
speed of rotation of the machine, or for 
the supply of a load. This may be done for 
D.C. as well as for A.C. machines, and the 
input may be either A.C. or D.C. and the 
output either D.C. or A.C, The machine 
can therefore act as a motor from its input, 
and as a generator, for its output. 

When the rotor is driven, two separate 
currents are generated in the windings 22 
60 and 23. Since the number of conductors 
may be different these currents need not be 
equal. 

When the machine is used as a motor, 
it can be run at three different speeds; one 
65 when only the winding 22 is fed with current. 




a second when only the winding 23 is fed 
with current, and a third when both wind- 
ings 22 and 23 are fed with current, De- f 
noting Ui as the voltage across 26, 27, and 

as the voltage across 28, 29, these three 70 
speeds have the respective values K/Ui, 
K/Ua and K/(U, + U^). where K is a 
constant. 

Referring to Figure 4, the two windings 
are connected in series so that when a single 75 
supply source 31 is used, the operating volt- 
age can be increased. In another embodi- 
ment shown in Figure 5, the two windings 
are energized via a change-over switch 32 
which controls the rotation either in a for- 80 
ward or reverse direction according to 
which winding 22 or 23 receives the energiz- 
ing current. 

It is obvious that such a stacked arrange- 
ment shown in Figures 1 <5r 2 may be en- 85 
larged to include more than tw6 windings 
provided that the inner windings in the 
stack extend radially beyond the outer 
windings so that brumes can make contact 
with the innesr winding in the case of the 90 
rotor. Although the number of conductors 
and even the types of winding patterns can 
be varied, this arrangement does not enable 
any flexibility in relation to the choice in 
the number of poles from winding to wind- 95 
ing. 

On the oth&T hand, where the twin-wind- 
Lg member is formed with the windings 
nged in concentric relation it is possible ♦ 
vary the number of poles between the 100 
indings. Furthermore the concentric 
an ^ement has the additional adv antafe 
over the ax iaUy stacked t yp6 m^tha t4fie=5r- 
gap is nor~^uduly "Widened between the 
magnetic members in the machine and in 105 
that the eflSciency which is slightly reduced 
in the stacked arrangement, is not reduced 
at all 

Concentric windings are shown in Figures 
6 and 7 at 42 and 43. The windings are HO 
formed on the radially outer and inner annu- 
lar portions of a single annular carrier 41. 
In Figure 6 the two windings co-operate 
with a single field magnet structure like that 
of Figure 1, and each pole shoe 7 occupies 115 
radially the same span as both spans of 
the concentric windings 42 and 43. In 
Figure 7, two distinct field maanet structures 
36, 37, 38, 44 and 46, 47, 48, 45 respectively 
co-operate with the windings 42 and 43. 120 
In this field magnet structure, pole pieces 
38 and 48 are mounted on magnetic rings 
36 and 46 respectively and are provided with 
sector shaped shoes 37 and 47. Magnetic 
rings 44 and 45 serve the same functions as 125 
the ring 3 in the iembodiment of Figure 1. 
The concentric winding arrangement is quite 
an advantage where the windings perform 
distinct operations in the machine, since it 
is possible to provide different numbers of 130 
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magnetic poles for the different windings. 
Preferably, in such a case the number of 
poles will be made higher in the outer ring 
than in the inner ring."^ Figure 8 s.hows part 
5 of a field magnet structure which has four 
poles in the inner ring and eight poles in 
the outer ring. 

Figure 9 shows a front view of a rotor 
having two concentric windings 52 and 53 

10 for an eight pole machine, with seventeen 
turns. Figure 10 shows a front view of a 
rotor having windings 62 and 63 which have 
different numbers of conductors for the same 
number of poles. Figure 1 1 shows a rotor 

15 having a four pole winding 73 and an eight 
pole winding 72. The above examples are 
given purely by way of example it being 
appreciated that many other arrangements 
are possible. They relate to D.C. machines. 

20 Figure 12 shows an example of a machine 
having a rotor the inner winding 83 of which 
is a D.C. winding and the outer winding 82 
is an A.C. winding having inner and outer 
collector rings 82a and i2b respectively. 

25 Figure 13 shows a rotor having both an A.C. 
inner winding 93 with collector rings 93a 
and 93b and an outer A.C. winding 92 with 
collector rings 92a and 92b. The winding 
93 is a four pole winding and the winding 92 

30 is a sixteen pole winding. 

As mentioned above, windings made in 
accordance with the invention may be in- 
corporated in A.C. generators for generating 
a high frequency current at a moderate 

35 speed. It is then advantageous to con- 
struct the outer winding patterns with 
closely spaced sector shaped turns forming 
one complete winding of zig-zag shape on 
each face of the insulating carrier. This 

40 may be done irrespective of the winding 
pattern of the inner winding 43 (Figures 14 
and 15). In Figure 14 the conductive zig- 
zag is shown at 113 and the intervals which 
separate the adjacent radial portions of the 

45 turns of the zig-zag are shown at 1 14. These 
intervals 114 may be filled with maenetic 
material secured to the insulating carrier to 
a depth which makes them level with the 
copper of the turns. For a higher num- 

50 ber of poles, or a smaller diameter of the 
ring, the zigzag winding may occupy almost 
the whole surface of the outer part of the 
carrier, thereby reducing the intervals 114 
to narrow gaps or slits. Such a zig-zag wind- 

55 ing is shown at 103 in Figure 15. 

Figure 16 shows a cross-sectional view of 
a gen^ator having a rotor member of the 
type such as those shown in Figures 14 and 
15. Preferably, the field magnet structure 

60 for the outer winding consists of a ferrite 
ring 138 upon which magnetic poles have 
been induced by means of a well known 
process of magnetization. In this way it is 
possible to produce a field magnet structure 

65 having substantially any desired number of 



poles. For example, one pole per zig-zag 
of the winding. Two brush holders 11 
(only one of which is shown) are provided 
for brushes which bear on the collector 
rings 103a and 103&. (Figure 15). Two 70 
brush holders 11a. (only one of which is 
shown) are provided for brushes which bear 
on the irmer winding 43. 

Twin-winding machines as described 
above have the following advantages: — 75 

1. Increase of the power of the machine 
by connecting the windings in series; 

2. Easy control of the direction of ro- 
tation of the machine, through a selective 
energization of the windings; 80 

3. Direct display and measurement of 
the speed of the machine, by using one of 
the windings as a tachometer winding; 

4. Adjustable speed control of the ma- 
chine through energization of the windings 85 
in various combinations; 

5. Production of electrical rotary con- 
verters (including D.C. to D.C; A.C. to 
A.C; D.C to A.C and A.C to D.C). 

All these features are not necessarily ob- 90 
tained when the twin-windings are axially 
aligned but all of them can be obtained 
when the twin-windings are concentrically 
mounted. Other combinations of these 
features may be obtained by providing the 95 
twin-winding member with both axially 
aligned windings and concentrically arranged 
windings. 

Attention is drawn to the Specification of 
our Patent No. 931,654, in which there is 100 
claimed (in Claim 1) a winding for an elec- 
trical rotating machine of the flat annular 
air-gap type, said winding being distributed 
over both faces of a thin insulating disc 
in two sets of half-turn conductors and 105 
formed thereon by a printed circuit tech- 
nique, the sets of half-turn conductors being 
interconnected at their inner and outer ends 
by face-to-face connections to form the 
winding pattern, the conductors each in- 110 
eluding active portions having at each end 
inclined extensions which approach the inner 
and outer peripheries of the disc, wherein 
the active portions are also inclined to the 
radial direction of the disc. 115 

WHAT WE CLAIM IS: — 

1. A dynamo electric machine of the 
flat annular air-gao type having at least one 
discoidal stator meniber and a discoidal 
rotor member, one of which includes a multi- 120 
polar field magnet structure and the other 

of which includes at least two separate flat 
conductor windings formed by a printed 
circuit technique, the two windings being 
arranged in co-axial relation with one an- 125 
other, each winding receiving or supplying 
current through separate sets of brushes. 

2. A machine according to Claim 1. 
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wherein said two windings are axially 
aligned. 

3. A machine according to Claim 1, 
wherein said two windings are arranged in 

5 concentric relation in the same plane, one 
within the other. 

4. A machine according to any one of 
the preceding claims, wherein the two wind- 
ings have the same number of conductors. 

10 5. A machine according to any one of 
the preceding Claims 1 to 3, wherein the 
two windings have a different number of 
conductors. 

6. A machine according to any one of 
15 the preceding claims, wherein the two wind- 
ings are of the same electrical type, viz: — 
either D.C. or A.C. 

7. A machine according to any one of 
the preceding Claims 1 to 5, wherein one 

20 of said windings is A.C. and the other is 
D.C. 

8. A machine according to Claim 3, 
wherein the two windings co-operate with 
the single field magnet structure. 

25 9. A machine according to Claim 3. 
wherein the two windings co-operate with 
respective concentric field magnet structures. 

10. A machine according to Claim 9. 
wherein the two field magnet structures have 

30 different numbers of magnetic poles. 



11. A machine according to Claim 9, 
wherein the outer winding consists of two 
windings, one on each face, each winding 
having closely spaced sector shaped turns 
forming a winding of zig-zag shape. 35 

12. A machiae according to Claim 11, 
wherein one field magnet structure has. as 
many poles as there are turns in the wind- 
ing. 

13. A machine according to Claim 1, 40 
wherein at least two winding members each 
including two co-axially arranged windings 
are axially aligned in a unitary structure. 

14. A madiine according to Claim 13 
and comprising at least two aligned two- 45 
winding members, wherein the diameter of 
one member is greater than that of the 
other to enable engagement by brushes. 

15. A dynamo electric machine of the 
flat annular air-gap type constructed and 50 
arranged to operate substantially as herein 
described with reference to and as illustrated 

in the accompanying drawings. 

MEWBURN. ELLIS & CO.. 
Chartered Patent Agents, 
70 & 72 Chancery Lane, 

London, W.C.2, 
Agents for the Applicants. 
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